Linkage between phosphorylation of the origin recognition complex and its ATP binding activity in Saccharomyces cerevisiae.
The initiation of chromosomal DNA replication is tightly regulated to achieve genome replication just once per cell cycle and cyclin-dependent kinase (CDK) plays an important role in this process. Adenine nucleotides that bind to the origin recognition complex (ORC) are also suggested to be involved in this process. Of the six subunits of the Saccharomyces cerevisiae ORC (Orc1-6p), both Orc1p and Orc5p have ATP binding activity, and both Orc2p and Orc6p are phosphorylated by CDK in cells. In this study we constructed a series of yeast strains expressing phospho-mimetic mutants of Orc2p or Orc6p and found that expression of a Ser-188 mutant of Orc2p (Orc2-5Dp) delays G1-S transition and S phase progression and causes the accumulation of cells with 2C DNA content. Using antibody that specifically recognizes Ser-188-phosphorylated Orc2p, we showed that Ser-188 is phosphorylated by CDK in a cell cycle-regulated manner. Expression of Orc2-5Dp caused phosphorylation of Rad53p and inefficient loading of the six minichromosome maintenance proteins. These results suggest that the accumulation of cells with 2C DNA content is due to inefficient origin firing and induction of the cell cycle checkpoint response and that dephosphorylation of Ser-188 of Orc2p in late M or G1 phase may be involved in pre-RC formation. In vitro, a purified mutant ORC containing Orc2-5Dp lost Orc5p ATP binding activity. This is the first demonstration of a link between phosphorylation of the ORC and its ability to bind ATP, which may be important for the cell cycle-regulated initiation of DNA replication.